We conducted a prospective study of 74 adults-34 men and 40 women, aged 18 to 90 (mean: 60.2)-to determine the prevalence of middle ear effusion (MEE) among patients in the setting of an intensive care unit (ICU) and to compare the findings with those of a control group of non-ICU hospitalized patients. Other goals were to identify risk factors associated with MEE in ICU patients and to evaluate any association with fever. Both groups included 37 patients. MEE was present in 19 patients (51.4%) in the ICU group, compared with only 2 patients (5.4%) in the control group (p < 0.01; odds ratio: 18.5; 95% confidence interval: 3.9 to 88.3). In the ICU group, there were statistically significant associations between MEE and both the use of mechanical ventilation (p = 0.03) and the use of sedation (p = 0.02). No significant relationships were seen in terms of length of stay, body position, the use of an endotracheal tube, the length of ventilation, and the use of a feeding tube. Fever was present in 8 ICU patients (21.6%) and 3 controls (8.1%), but none of the fevers was associated with MEE. We conclude that adult ICU patients have a high prevalence of MEE (51.4% in our sample) that is perhaps unrecognized. We believe that MEE in these patients is most likely related to altered consciousness, sedation, and mechanical ventilation. MEE was an unlikely cause of fever.
Introduction
Middle ear effusion (MEE) is not a common finding in the adult population. When it does occur, it is generally associated with nasopharyngeal carcinoma, previous otologic surgery, cigarette smoking, and childhood middle ear disease. 1 A few studies have shown that the prevalence of MEE is higher in intensive care unit (ICU) patients (25 to 80%) than in the general population. [2] [3] [4] However, none of these studies compared the prevalence of MEE in ICU patients with that in a control group of non-ICU hospitalized patients. We designed this prospective cohort study to make this comparison.
Previous studies have also identified several risk factors associated with MEE in ICU patients: age greater than 50 years, prolonged (>7 days) oral endotracheal intubation, and an altered level of consciousness (i.e., sedation). [2] [3] [4] Potential risk factors for the development of MEE in non-ICU hospitalized patients include a supine body position, the use of an orogastric or nasogastric feeding tube, medications that may impair mucociliary clearance, and bacterial colonization of the upper aerodigestive tract. In this study, we also set out to identify risk factors associated with MEE in ICU patients and to determine a possible association between MEE and fever.
Patients and methods
For this prospective cohort study, we initially enrolled 38 ICU patients and 39 non-ICU hospitalized patients. Our eligibility criteria included age 18 years or older, no history of otologic surgery, and no recent history of MEE or acute otitis media (AOM). We also had to be able to adequately see the patient's tympanic membrane with a hand-held otoscope and to obtain an appropriate seal for tympanometry. One ICU patient and 2 non-ICU patients did not satisfy these criteria, leaving us with 37 patients in each group.
Overall, the study population was made up of 34 men and 40 women aged 18 to 90 years (mean: 60.2). The Each patient's admission history and physical examination findings were reviewed for general clinical information, including otologic history and possible risk factors for MEE. Specific variables possibly related to risk included the length of the ICU stay, the patient's body position (supine or not), the use of mechanical ventilation, the use of an endotracheal tube, the length of ventilation, the use of sedation, and the use of a feeding tube. Otologic examinations were performed with a hand-held otoscope (Welch Allyn; Skaneateles Falls, N.Y.). A curette was used to remove any occluding cerumen. Tympanometry was performed with a hand-held tympanometer (Tucker-Davis Technologies; Alachua, Fla.).
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Charts were reviewed to determine the presence of fever (≥38.5°C) during the 48 hours surrounding the otoscopic examination. When a fever was present, the chart was reviewed to determine the cause.
Patients were diagnosed with an MEE if an effusion was detected on otoscopic examination or if tympanometry revealed a type B tympanogram with an ear canal volume of 0.5 to 2.0 cm 3 . Type A tympanograms were considered to represent normal middle ear function, while type C tympanograms were indicative of negative middle ear pressure. 5 An odds ratio was calculated to determine the prevalence of MEE in ICU and non-ICU patients. A chi-square analysis was used to determine if any specific variables among the ICU population were associated with MEE.
This study was approved by the Institutional Review Board for Health Sciences Research at the University of Virginia (IRB-HSR #12575).
Results
Prevalence of MEE.
MEE was present in 19 of the 37 ICU patients (51.4%) and in 2 of the 37 controls (5.4%). The difference was statistically significant (p < 0.01; odds ratio: 18.5; 95% confidence interval: 3.9 to 88.3) (table 1) .
Risk factors in the ICU group. In the ICU group, only two of the possible risk factors studied-the use of mechanical ventilation and the use of sedation-were found to have a significant association with MEE (table 2):
• Mechanical ventilation. A total of 33 ICU patients (89.2%) underwent mechanical ventilation. Of these, 19 (57.6%) had MEE and 14 (42.4%) did not (p = 0.03).
• Sedation. Sedation was administered to 13 of the 37 ICU patients (35.1%). MEE was present in 10 and absent in 3 (76.9 vs. 23.1%; p = 0.02).
There were no statistically significant associations between MEE and the length of ICU stay, body position, endotracheal intubation, the duration of mechanical ventilation, and the use of a feeding tube (table 2) .
Risk factors in the control group. Given the low prevalence of MEE in the control group (5.4%), no significant risk factors for MEE could be identified.
Fever. Fever was present in 8 ICU patients (21.6%) and 3 controls (8.1%). Four of the 8 ICU patients with fever had an MEE; all 4 of these fevers were caused by a condition other than ear disease. None of the 3 controls with fever had an MEE, and none of the 3 fevers had an otologic cause.
Discussion
While MEE is an uncommon finding in the adult population, our study demonstrated a high prevalence among ICU patients (51.4%), which was significantly greater than the prevalence of MEE in our non-ICU hospitalized control group (5.4%). Two factors were significantly associated with the higher prevalence of MEE among the ICU patients: the use of mechanical ventilation and the use of sedation. Fever did not appear to be associated with MEE in this study, although the number of fevers was too small for statistical analysis.
We believe we were able to accurately recognize MEE and that our data are therefore valid. We used both otoscopic examinations and tympanometric evaluations, which have been shown to improve the reliability of identifying MEE. Data regarding the validity of portable tympanometry can be extrapolated from the pediatric literature; in a meta-analysis published in 2003, Takata et al reported a sensitivity and specificity of 89.1 and 58.2%, respectively. 6 We believe that the larger ear canals Tail of the electrode does not obscure anaesthetist's view of adults and their higher level of cooperation would even further improve the reliability of these devices.
The mechanisms behind the development of middle ear fluid in ICU patients include (1) impaired eustachian tube function in those patients who are in the supine position and/or intubated, (2) mucociliary dysfunction secondary to drug administration, (3) increased mucus viscosity, and (4) pathogens that have migrated from the eustachian tube into the middle ear. 3, 4 Other risk factors that have been reported to predispose ICU patients to MEE include prolonged intubation (>14 days), the administration of sedation, and microbial colonization of the upper airways. [2] [3] [4] The use of sedation has been shown to be significantly associated with MEE in our study and in others. 2 Intubated patients often require sedation to reduce the irritation and coughing caused by the endotracheal tube. In our study, 12 of the 13 sedated patients were intubated, while the remaining patient underwent a tracheotomy. However, it is possible that a state of unconsciousness may in fact be an ancillary finding rather than a true independent risk factor for MEE because of the direct association between the need for sedation and intubation. It is unclear if sedatives alone cause or are associated with MEE, but this is improbable.
One possible explanation for the higher prevalence of MEE among ICU patients is eustachian tube dysfunction caused by iatrogenic hypocapnia. Respiratory alkalosis is often induced by hyperventilating ventilated patients to decrease respiratory stimulation and the drive to overbreathe the ventilator. Palmisano et al demonstrated that hypocapnia causes negative middle ear pressures that may lead to MEE. 7 The endotracheal tube itself contributes to eustachian tube dysfunction by acting as a foreign body to obstruct the eustachian tube and by providing a continuous source of pathogens to the oropharynx. This can lead to localized edema and obstruction with subsequent eustachian tube dysfunction and MEE.
Even though body position was not a significant factor in our study, the supine position can contribute to the development of MEE. Secretions from the nasal cavity can pool in the posterior nasopharynx and lead to additional inflammation at the eustachian tube orifice.
Our study found no significant increase in MEE among patients who underwent prolonged intubation, but this has been previously reported by others. 2 One explanation for the difference is the definition of prolonged intubation; while Lin et al 2 defined "prolonged" as more than 14 days, we categorized duration in terms of more or less than 5 days. We based duration on the 5-day cutoff so that we would have approximately the same number of patients in the over and under groups.
No patient in our study was intubated for more than 14 days; instead, patients at our institution who require long-term ventilation undergo tracheotomy to reduce the incidence of subglottic stenosis and related compli- The SoundCure ® Serenade is a customized sound therapy solution featuring proprietary treatment sounds known as S-Tones ® , in addition to two types of more traditional masking sounds.
S-Tones were developed based on independent university scientifi c research supported by an American Tinnitus Association grant.
Research has shown that S-Tones can produce synchronized, robust neural activity in the auditory cortex 1 and are four times more likely to provide relief than white noise. 2 cations. In fact, Chung et al showed that the incidence of MEE in adult ICU patients who were intubated for longer than 14 days was reduced after tracheotomy, and the rate of improvement in conscious patients was significantly higher than that in unconscious patients. 8 The presence of a feeding tube did not significantly correlate with MEE in our study, although we did not document the size of the feeding tubes. In a recent report, González Pena et al found that 18-Fr nasogastric tubes were more highly associated with MEE than tubes with a smaller diameter. 9 They also found that sedation and orotracheal intubation were independent risk factors for abnormal tympanometry.
Our finding suggests that the foreign-body reaction seen with endotracheal intubation and subsequent seeding of the tube with pathogens might not have been the driving mechanism for development of MEE since a feeding tube should elicit a similar reaction. On the other hand, feeding tubes tend to be smaller and more pliant than endotracheal tubes, and they cause less irritation and obstruction of the eustachian tube. Moreover, patients with a feeding tube do not necessarily require sedation, and they are therefore better able to handle their secretions, which reduces pooling in the posterior nasopharynx. Swallowing impairment secondary to sedation may be an important underlying mechanism in the development of MEE in intubated and sedated patients.
Our study confirmed that MEE is an unlikely cause of fever among hospitalized patients. Although more than 50% of the ICU population demonstrated evidence of MEE, none developed AOM or mastoiditis. Given the low prevalence of MEE among our control group (5.4%), an assumption must be made that the onset of MEE among the ICU patients occurred after admission to the ICU, and therefore it was likely not related to an underlying chronic process.
MEE should not be mistaken for AOM; the sequelae of AOM include mastoiditis, subperiosteal abscess, conductive hearing loss, lateral sinus thrombosis, meningitis, and brain abscess, although these complications are rare. AOM can cause fever, and it must be distinguished from MEE on the basis of otoscopic findings.
When fever is identified in a patient with an MEE, more common causes (e.g., pneumonia, urinary tract infection, and wound infection) must be ruled out. Also, middle ear aspiration in this patient population is unwarranted because of the rarity of AOM and the low probability that MEE is the cause of the fever. If, however, AOM does develop (it did not in our study), myringotomy with or without tympanostomy tube placement will make the patient more comfortable. It may also yield clinically important information, and it may improve the patient's overall outcome.
Finally, the importance of our findings lies not only in clinicians' recognizing MEE in ICU patients, but also in their appreciating the associated hearing loss. Neurologic dysfunction coupled with the presence of middle ear fluid may hinder communication between the patient and healthcare personnel and could lead to an inaccurate diagnosis. All healthcare workers in an ICU setting should appreciate the possibility that MEE can cause hearing loss in their patients, and therefore they should adjust their patient evaluations and communications accordingly, whether by providing amplification or simply by alerting the rest of the healthcare team to the patient's hearing loss.
In conclusion, it is perhaps an unrecognized fact that adult ICU patients have a high prevalence of MEE. This high prevalence is most likely related to altered consciousness associated with mechanical ventilation and sedation. MEE is an unlikely cause of fever. Healthcare personnel in the ICU setting should recognize the possibility of hearing loss caused by MEE in their patients and make clinical adjustments accordingly.
